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Let G be a (p,q)graph and A be a group. Let f: V (G) → A be a function. The order of a ∈  A is the 
least positive integer n such that a
n
 = e. We denote the order of a by o(a).  For each edge uv assign 
the label 1 if (o(f(u)), o(f(v))) = 1or 0 otherwise. f is called a group A Cordial labeling if |vf (a) − vf 
(b)| ≤ 1 and  |ef (0) − ef (1)| ≤ 1, where vf (x) and ef (n) respectively denote the number of vertices 
labeled with an element x and number of edges labeled with n (n = 0, 1). A graph which admits a 
group A Cordial labeling is called a group A Cordial graph. In this paper we define group {1,−1, i, 
−i} Cordial graphs and prove that Double fan DFn,  Wn,n, Closed Helm CHn, Gear graph Gn and the 
web graph W(2, n) are all group {1,−1, i, −i} Cordial for every n. 
Keywords: Cordial labeling, group A Cordial labeling, group {1,−1, i, −i}  Cordial labeling. 
AMS subject classification: 05C78 
1. Introduction 
Graphs considered here are finite, undirected and simple. Let A be a group. The order of a ∈  A is the least positive 
integer n such that a
n
 = e. We denote the order of a by o(a). Cahit [3] introduced the concept of Cordial labeling. 
Motivated by this, we defined group A cordial labeling and investigated some of its properties. We also defined group 
{1,−1, i,−i} cordial labeling and discussed that labeling for some standard graphs [1 & 2] . In this paper we discuss the 
labeling for some more graphs. Terms not defined here are used in the sense of Harary [5] and Gallian  [4] . 
The greatest common divisor of two integers m and n is denoted by (m, n) ; m and n are said to be relatively prime if (m, 
n) = 1. For any real number x, we denote by ⌊x⌋, the greatest integer smaller than or equal to x and by ⌈x⌉, we mean the 
smallest integer greater than or equal to x. A path is an alternating sequence of vertices and edges, v1, e1, v2, e2, ..., en−1, 
vn, which are distinct, such that ei is an edge joining vi and vi+1 for 1 ≤ i ≤ n − 1. A path on n vertices is denoted by Pn.  A 
path v1, e1, v2, e2, ..., en−1, vn, en, v1  is called a cycle and a cycle on n vertices is denoted by Cn. If G is a graph on n 
vertices in which every vertex is adjacent to every other vertex, then G is called a complete graph and is denoted by Kn. 
Given two graphs G and H, G + H is the graph with vertex set V (G) ∪  V (H) and edge set E(G) ∪  E(H) ∪  {uv/u ∈  V 
(G), v ∈  V (H)}.  A Wheel Wn is defined as Cn + K1. The Helm Hn is the graph obtained from a wheel Wn by attaching a 
pendent edge at each vertex of the n cycle. 
2. Group {1,−1, i,−i} Cordial Graphs 
Definition 2.1. Let G be a (p,q) graph and consider the group A = {1,−1, i, −i} with multiplication. Let f: V (G) → A be 
a funtion. For each edge uv assign the label 1 if (o(f(u)), o(f(v))) = 1or 0 otherwise. f is called a group{1,−1, i ,−i} 
Cordial labeling if |vf (a) − vf (b)| ≤ 1 and |ef (0) − ef (1)| ≤ 1, where vf (x) and ef (n) respectively denote the number of 
vertices labeled   with  an  element  x  and  number  of  edges  labeled  with n (n = 0, 1). A graph which admits a group  
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{1,−1, i, −i} Cordial  labeling is called a group {1,−1, i, −i}  Cordial graph. 











We now investigate the group {1,−1, i,−i} Cordial labeling of some special  (p, q) graphs. 
Definition 2.3 The double fan DFn is defined as Pn + 2K1. 
Theorem 2.4 The double fan DFn is {1,−1, i, −i} Cordial for every n. 
Proof. Let w1,w2, ....,wn be a path Pn on n vertices. Let u and v be the two vertices such that DFn = ({u}∪{v})+Pn. 
Number of vertices of DFn is n+2 and number of edges is 3n − 1. 
Case (1): n is even 
Subcase (i): n = 4k, k ≥ 1,  k ∈  Z. 
Now (n+2)/4 = (n/4) +1 = k+1. Number of vertices in DFn in this case is 4k+2.  So 2 of the 4 labels should appear k + 1 
times and the remaining two should appear k times. Number of edges = 3n−1 = 12k−1. Label u and w1, w2, ....,wk with 1. 
Label the remaining vertices arbitrarily so that k +1 of them get label -1, k of them get label i and k of them get label −i. 
Subcase (ii): n = 4k + 2, k ≥ 0,  k ∈  Z. 
Now, (n+2)/4 =  k+1. Number of vertices in DFn in this case is 4k+4. So each of the 4 labels should appear k +1 times. 
Number of edges = 3n−1 = 12k +5. Label u and w1, w2, ....,wk with 1.  Label the remaining vertices arbitrarily so that 
each of the remaining three labels appear k + 1 times. 
Case (2): n is odd. 
Subcase (i): n = 4k + 1, k ≥ 0, k ∈  Z. 
Now, (n+2)/4 = k + 1. Number of vertices in DFn in this case is 4k + 3. So one of the 4 labels should appear k times and 
each of the remaining three should appear k + 1 times. Number of edges = 3n − 1 = 12k + 2. Label u and w1, w2, ....,wk 
with 1. Label the remaining vertices arbitrarily so that k+1vertices receive label −1, k + 1 vertices receive label i and k 
vertices receive label −i. 
Subcase (ii): n = 4k + 3, k ≥ 0,  k ∈  Z. 
Now, (n+2)/4= k + 2. Number of vertices in DFn in this case is 4k + 5. So one of the 4 labels should appear k + 2 times 
and each of the remaining three should appear k +1 times. Number of edges = 3n−1 = 12k +8. Label u and w2, ....,wk, 
wk+1 with 1. Label the remaining vertices arbitrarily so that k + 2vertices receive label −1, k+1 vertices receive label i and 
k+1 vertices receive label −i. In all the cases, that the labelings are group {1,−1, i, −i} Cordial is evident from Table 1.                                                                                                                                                                
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Table 1 
        Nature of n vf (1) vf (-1) vf (i) vf (-i) ef (0) ef (1) 
n = 4k,  k ≥1,  k ∈ Z k+1 k+1 k K 6k-1 6k 
n = 4k+2,  k ≥0, k ∈ Z k+1 k+1 k+1 k+1 6k+3 6k+2 
n = 4k+1 ,k ≥0,  k ∈ Z k+1 K k K 6k+1 6k+1 
n = 4k+3, k ≥0,  k ∈ Z k+1 k+2 k+1 k+1 6k+4 6k+4 
Example 2.5 An illustration for DF6 is given in Figure. 2.2 
Figure 2.2 
Definition 2.6 The graph W(n, n) is obtained by taking two copies of Cn and a K2. If u, v are the two vertices of K2, W(n, 
n) is obtained by joining u  with every vertex of one copy of Cn and v with every vertex of another copy  of Cn. 
Theorem 2.7 W(n, n) is group {1,−1, i, −i} cordial for every n. 
Proof. Let V (Wn,n) = {u, v, ui, vi : 1 ≤ i ≤ n} and E(W n,n) = {uui, vvi :1 ≤ i ≤ n} ∪  {uiu(i+1) mod n, viv(i+1) mod n : 1 ≤ i ≤ n} ∪  
{uv}. Note that W(n, n) has 2n + 2 vertices and 4n + 1 edges. 
Case (1): n is odd. 
Let n = 2k+1, k ≥ 1, k ∈  Z. Label the vertices u, u1, u3, ...., un−2 by 1. Label the remaining vertices arbitrarily so that k + 1 
of them get label −1, k + 1 of them get label i and k + 1 of them get label −i. 
Case (2): n is even. 
Let n = 2k, k ≥ 2, k ∈  Z. Label the vertices u, u1, u3, u5, ..., un−1 by 1. Label the remaining vertices arbitrarily so that k + 1 
of them get label −1, k of them get label i and k of them get label −i. Table 2 shows that f is a group {1,−1, i, −i} Cordial 
labelling. 
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Table 2 
Parity of n vf (1) vf (-1) vf (i) vf (-i) ef (0) E  (1) 
odd,    n = 2k + 1 k+1 k+1 k+1 k+1 4k+3 4k+2 
even,   n = 2k k+1 k+1 k K 4k 4k+1 
Example 2.8 An illustration for W(5, 5) is given in Figure  2.3. 
Figure 2.3 
Definition 2.9. Closed Helm is a graph obtained from a helm by joining each pendent vertex to form a cycle. Close Helm 
obtained from a helm with n pendent vertices is denoted by CHn. 
Theorem 2.10. Closed Helm CHn is group {1,−1, i, −i} cordial for every n. 
Proof.  Number of vertices in CHn = 2n+1 and number of edges in CHn is 4n.  Label the vertices of CHn as follows: 
Label of the center of the wheel is u.  Label the n vertices of the rim of  the wheel by u1, u2, ...., un in order.  Label the n 
pendent vertices of the helm as v1, v2, ..., vn in order so that ui vi is an edge for every i, 1 ≤ i ≤ n. 
Case(1): n is odd. 
Let n = 2k + 1, k ≥ 1.  Label the vertices u, v1, v2, ...., vk by 1. Label the remaining vertices arbitrarily so that k+1 of them 
get label −1, k+1 of them get label i and k of them get label −i. 
Case (2): n is even. 
Let n = 2k, k ≥ 2. Label the vertices u1, u3, u5, ..., u2k−1 by 1. Label the remaining vertices arbitrarily so that k of them get 
label −1, k of them get label i and k +1 of them get label −i. It follows from Table 3 that all these labelings are group 
{1,−1, i, −i} cordial. 
Table 3 
Parity of n vf (1) vf (-1) vf (i) vf (-i) ef (0) ef (1) 
odd, n = 2k + 1 k+1 k+1 k+1 K 4k+2 4k+2 
even, n = 2k K k k k+1 4k 4k 
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Example 2.11 An illustration for CH5 is given in Figure 2.4. 
Figure 2.4 
Definition 2.12. A gear graph is obtained from a wheel Wn by subdividing each edge in the n-cycle of Wn exactly once. 
It is denoted by Gn 
Theorem 2.13. The gear graph Gn is group {1,−1, i, −i} cordial for every  n. 
Proof.  Number of vertices of Gn is 2n+1 and number of edges is 3n.  Label   the center vertex of the wheel by u, the n 
vertices on the rim of the wheel by u1,  u2, ...., un in order and the n newly added vertices by v1, v2, ..., vn in order so that 
for 1 ≤ i ≤ n−1, vi  subdivides the edge ui  ui+1 and  vn subdivides the  edge un u1. 
Case (1): n is odd. 
Let n = 2k +1, k ≥ 1. Label the vertices u1, u2, u3, ..., uk and vk+1 by 1. Label the remaining vertices arbitrarily so that 
 k + 1 of them get label −1,  k + 1 of  them get label i and  k + 1 of them get label −i. 
Case (2): n is even. 
Let n = 2k, k ≥ 2.  Label the vertices u1,  u2,  u3, ..., uk  by 1. Label the remaining vertices arbitrarily so that k of them get 
label −1, k of them get label i and k + 1 of them get label −i. Table 4 shows that f is a group {1,−1, i, −i} cordial labeling.     
                                                                                     Table 4                            
Parity of n vf (1) vf (-1) vf (i) vf (-i) ef (0) ef (1) 
odd,  n = 2k + 1, k ≥ 1 k+1 k+1 k+1 k  3k+1 3k+2 
even,  n = 2k,  k ≥ 2 k K k k+1 3k 3k 
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Example 2.14 An illustration for G6 is given in Figure 2.5 
 
Figure 2.5 
Definition 2.15 Web graph is the graph obtained from a closed helm by adding a single pendent edge to each vertex of 
the outer cycle. It is denoted by W(2, n). 
Theorem 2.16 The Web graph W(2, n) is group {1,−1, i, −i} cordial for  every n. 
Proof. W(2, n) has 3n + 1 vertices and 5n edges. Label the center vertex of the wheel as u, the rim vertices of the wheel 
as u1, u2, ..., un in order, the  vertices of the outer cycle of the closed helm as v1, v2, ...., vn in order and the pendent 
vertices as w1, w2,  ...., wn  in order so that for 1 ≤ i ≤ n,  u i  is adjacent with vi and vi is adjacent with  wi . 
Case (1): n is odd. 
Let n = 2k + 1 (k ≥ 1, k ∈  Z).  
Subcase (i): k is even. 
Now each vertex label should appear (3k/2) + 1 times. Label u, u1, u2, ..., u3k/2 with 1. Label the remaining vertices 
arbitrarily so that (3k/2) + 1 of them get label −1,  (3k/2)  + 1 of them get label i and  (3k/2)  + 1 of them get label −i. 
Subcase (ii): k is odd. 
Label u, u1, u2, ...., u3k+1/2 with 1. Label the remaining vertices arbitrarily so that (3k+1)/2 of them get label −1,  (3k+1)/2 
of them get label i and  (3k+1)/2 of them get label −i. 
Case(2): n is even. 
Let n = 2k (k ≥ 2, k ∈  Z). 
Subcase (i): k is even. 
As k is even, 6k ≡ 0(mod 4) and so 6k+1 ≡ 1(mod 4). Label u, u1, u2, ..., u3k/2 −1 , u3k/2 with 1. Label the remaining vertices 
arbitrarily so that 3k/2 of them get label −1, 3k/2 of them get label i and 3k/2 of them get label −i. 
Subcase(ii): k is odd. 
As, 6k ≡ 2(mod 4), 6k +1 ≡ 3(mod 4). Label u, u1, u2, ...., u3k−1/2 with 1. Label the remaining vertices arbitrarily so that 
(3k+1)/2 of them get label −1, (3k+1)/2 of them get label i and  (3k−1)/2 of them get label −i. Table 5 shows that in all 
cases ,the  labelings are group {1,−1, i, −i} cordial. 
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Table 5 
n vf (1) vf (-1) vf (i) vf (-i) ef (0) ef (1) 
n = 2k + 1, k is even (3k/2)  +1 (3k/2)  +1 (3k/2)  +1 (3k/2)  +1 5k+3 5k+2 
n = 2k + 1, k is odd (3k+2)/2 (3k+2)/2 (3k+2)/2 (3k+2)/2 5k+2 5k+3 
n = 2k, k is even (3k/2)  +1 3k/2 3k/2 3k/2 5k 5k 
n = 2k, k is odd (3k+1)/2 (3k+1)/2 (3k+1)/2 (3k-1)/2 5k 5k 
                                             Example 2.17 An illustration for W(2, 5) is given in Fig. 2.6 
                                                                                Figure 2.6 
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